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1. ~ntroduct~or~ 
Histochemica! and biochemical studies ha: e shown 
that adenylate cyclase is present in the SR o f  cardiac 
and skeletal muscle [ 1,2]. There is cons iderable  
evidence for an association between cAMP and SR 
function, especially in heart, where cAb!P st imulation 
o f  calcium accumulation was proposed to be respon- 
sible for ~.e inotropic effect o f  catecholammes [3,4] .  
However, hn fast skeletal muscle t~s  relationship is 
less f irmly established, especiaUy since catecholamines 
reduce the rate o f  relaxation [5] .  To further study 
the potential  role o f  the microsomal adenylate cyclase 
in fast skeletal muscle, we examined ~he localizatior~ 
o f  adeny~ate cyclase relative to calcium accumulat ion 
in chicken pectorMis. Our results indicate that the 
adenylate cyclase activity is found primari ly in the 
temdnal  cisternae of  the SR, and is not  associated 
with the calcium accumulatLng function. 
2. Methods 
SR mierosomes were prepared f rom the peetora~Vs 
muscle o f  3 -4  mo_~.-,th old White Leghorn ch/ckens as 
in [6] .  The microsomal pellet was suspended in 10 
mM knidazole, 1 mM DTT,  pH 7A. Loadh~g~of fresh 
microsomes with fiSCal o×a!ate and the separation o f  
loaded vesicles on a discontinuous sucrose gradient 
was done as ha [7] .  The gradient fractions were sus- 
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pended h~ h-nidazole--DTT and quick frozen in liquid 
nitrogen. 
The amount  o f  calcium loaded was determined by 
counting 50/ l l  o f  each fraction in !i_/ml [~ray's 
scintillation fluid. Adenylate cyc!ase activity was 
measured as in [8] after solubfiization (30 rain at 
4°C) in 0.5% Lubrol-PX, 0.2 mM EGTA. The assay 
medium contained 25 mM Ttis--[-[C1, pH 7.5, 5 mM 
magnesium acetate, 1 mM DTT, 1 mM cAI~LP,, 50 
units/ml ereatine kinase, 5 mM phosphoereatine and 
1--3 X 104 cpm [a-32P]AT'P, in Final vol. 0.1 ml. 
Basal ATPase activity was measured in 20 ram Tfis 
maleate, pH 6.8, !00  mM KCI and 4 mM MgCI2. 
CaZ~--ATFas~ is defined as the increase in enzyme 
activity upon addition of  0.3 mM Ca 2÷. Na+-K +-- 
ATPase was the difference between basal activity and 
the activity measured in 10 mM Tris, pH 7.4, 5 mM 
MgC12, 10 miv[ NaCI and 10 raM KC1. Alt samples 
contained ~_ .0 mM Na2ATP, 5 mM NaN3 and 0.2 mM 
EGTA. The Final protein concentrat ion was 10-20  
~zg/ml. The reaction was stopped after 5 rain at 30°C 
with 150/11 30% trichloroacetic acid (TCA). The 
:~ampies were centrifuged at I0  000 X g for 15 rain 
and pllosphate was measured as in [9] , with ~he 
modif ication o f  18--20 h color development at 4°C. 
Protein was measure' l  as in [10].  
For  cytochemical  localization o f  adenytate cychse 
the foUowhag procedure was used. A piece o f  chicken 
pectoralis was quickly removed,  minced in cold 
1.25% g!utaraddehyde, 0.1 1~1 cacodylate bllffer 
(pH 7.4), flexed for 15 rain in cold fixative, and washed 
4 tunes (15 rain each) in cold cacodylate buffer. 
I00 /am strips were cut and hicubated for 30 rain at 
37°C in 80 mM Tris--maleate buffer (pH 7.4) with g% 
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sucrose (w/v) ,  2 mM lead n i t ra te ,  20 mM NaF ,  10 mM 
MgC12, 10 mM theophyl l ime,  and  1 mM AMP- -P (NH)P ,  
pur i f ied  on a Dowex AG-50  W-X4 cat ion  exchange 
resin [ 11 ,12] .  Fo l low ing  incubat ion ,  the  t issue was 
s ta ined  en b loc  wit~ 0.25% aqueous  urany l  acetate  
and  then  dehydrated  through a graded series o f  
acetones  and embedded in Spur t  low v iscos i ty  resin 
[13] .  Sect ions  were examined unsta ined  to  conf i rm 
the spec i f i c i ty  o f  the react ion ,  and  then  s ta ined w i th  
lead c i t rate  [14] to  enhance  cont ras t .  
3. Resul ts  and  dLscussim~ 
Separat ion  o f  ca lc ium loaded microsomes  on a dis- 
cont inuous  sucrose grad ient  showed an inverse 
re la t ionsh ip  between adeny la te  cyc lase act iv i ty  and  
ca lc ium uptake  in the four  f ract ions  obta ined  ( tab le  i ) .  
The adeny la te  cyc!ase a.ztiwlty was h ighest  in the 
l ighter  band,  and was bare ly  detectab le  in the  pe l le t ,  
wb.ich cor : ta ined the gxeatest amount  o f  ca lc ium.  
Cont ro l  exper iments  showed that  under  the  cond i t ions  
o f  tk~ assay ( in the  presence o f  0.5% Lubro l -PX  and  
0.2 mM EGTA) ,  the lower  adeny la te  cyc lase act iv i ty  
was not  due to  ca lc ium inh ib i t ion  o f  the  enzyme 
( tab le  2).  Na + K+--ATPase para l le led  the  d i s t r ibut ion  
o f  the adenytate  cyc lase and,  as repor ted  [15] ,  was 
not  inh ib i ted  by  ouaba in .  Ca 2. ATPase was preaent  
in s igni f icant  amounts  in all f ract ions .  
Loca l  spec ia l i zat ion  i  SR  funct ion  has been 
shown [16] : calcium1 release at the te rmina l  c is ternae 
and  ca lc ium accumulatiop_ pr imar i ly  in the  longi tu-  
dinal  tubules.  By these cr i ter ia  the  l ight  f rac t ion  o f  
our  separat ion  r ich iv_ adeny la te  cyc iase and  Na+--K +-  
Table 2 
Effect of  Lubrol and EGTA on adenylate cyclase activit]r o f  
loaded microsomes 
EGTA Lubro l  Specif ic act ivity 
(pmol  cAMP/rag proteha/min)  
- -  - -  ! t .0  (0 .3 )  
1.0 mM -- 11.9 (0.1)  
-- 0.5% 5.6 (0.6)  
0.2 mM 0.5% 12.8 (1.2) 
I.C mM 0.5% 12.9 (1.2) 
A microsome subfraction, loaded with 79.2 nmol eMcium/mg 
protein, was preincubated at4°C for 30 mill in the presence 
of EGTA and]or Lubrol-PX as shown. Adenylate cyclase 
was measured as in Methods. Results are the mean and range" 
of  duplicate measurements 
ATPase and  lack ing caJeiuln accumulat ing  ab i l i ty  
cou ld  cor respond to  the te rmina l  c is ternae.  This  
assumpt ion  was confh-med by  cytochemica l  examina-  
t ion o f  the d i s t r ibut ion  o f  adeny la te  cyc lase in non-  
d i s rupted  musc le  ( r igA) .  The major i ty  o f  the  react ion  
product  was found at  the  Z- l ines in the te rmina l  
c isternae o f  the long i tud ina l  tubu les .  
I f  we assume an assoc iat ion  between s t ructure  and  
funct ion ,  our  find/tags cou ld  suggest a role for  adcny l -  
ate cyc lase and Na~--K+--ATPase in the ca lc ium 
release step o f  exc i ta t ion -  cont ract ion  (E - -C)  coup l -  
ing. It is p resumed that ,  in fast musc le ,  depo lar i za t ion  
o f  the te rmina l  c is ternae may p lay  a ro le  in ca lc ium 
release [17] .  A re lat ionsh ip  between cAMP and K ÷ or  
Na ÷ f luxes across b io log ica l  membranes  was repor ted  
in several  systems [18- -20] .  I t  is in terest ing  that  in 
hear t  t issue the inot rop ic  e f fec t  o f  ouaba in ,  wh ich  is 
Table 1 
Adenyiate  cyclase and  ATPase activity o f  SR microsome subf ract ions  
Fr "ion Calcium loading Adenytate cyclase Na*-K ÷ ATPase Ca~*--ATPase 
(mnol calcium• (pmol cAMP/mg (nmol Pi/mg protein/rain) (nmol Piling proteinfmin) 
lng prote in)  prote in / ra in)  
B1 28.8 545.5 ± 23.9 168.6 +_ 24.5 106.6 -* 19.1 
285 54.0 101.1 +- 5.0 i29.3 -+ 11.4 196.3 *- 6.3 
B2 106.9 35.5 +_ 4.7 87.5 +- 7.2 147.2 +- 8.6 
Pel 6395.0 3.7 +- 3.0 35.5 -+ .13.7 210.9 -+ 18.9 
Fractions were prepared and assayed for enzymatic activity as described ha Methods. Results are expressed as 
mean +- SD of  thzee determinations 
Abbreviations: B1, fluat on 28% sucrose; B2, float on 40% sucrose; 285, suspended in 28% sucrose; Pel, pellet 
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Fig.1. Cytochemical  localization o f  adenylate cyclase in chicken pectoralis muscle, la:  Electron micrograph showing reaction 
product indicative o f  adenylate cyclase activity in the terminal cisternae o f  the ST (arrows) which are situated at the 'Z '  bands 
(z). Virtually no reaction product can be seen in the longitudinal SR (× 15 750); lb:  Higher magnificafio_n electron rr_dc:ograph 
showingreacf ion product in the terminal cisternae of  SR (large arrow) below the 'Z'  band (Z). Some reaction product can be 
seen  a t  junct ion  o f  the  long i tud ina l  SR  and  ~d!e te r tn ina l  c i s te rnae  (smal l  a r row)_  The  "T"  tubu le  ( t )  between the  te rmina l  c [g teznae  
of  the triad is free o f  reaction product (× 100 000):  
known to  in teract  w i th  the  Na+--K + ATPase ,  was  
abo l i shed  by  an adeny la te  cyc lase  inh ib i to r  [21 ] .  
The  fast  musc le  rn ic rosorna l  adeny la te  cyc lase  was  
not  s t imu la ted  by  i soproterer~ol  at  concent ra t ions  up  
to  10 -4 M or  PGEt  (data  not  shown) ,  but  was  sus- 
cept ib le  to  c~!c ium inh ib i t ion  (_fig.2). Ca lc ium reduced  
the  ve loc i ty  o f  the  enzyme over  10- fo ld  w i th  an 
apparent  K i o f  0 .2  mM at 5 rnM Mg ~-+. Th is  e f fec t  may 
Fig.2. Effect o f  Ca w on solubilized muscle adenylate cyclase. 
SR microsomes were incubated for 15 rain at 4°C after being 
diluted 1:1 with 1% Lubrol-PX. 0.125 M sucrose, 1 mM DTT, 
1 mM EGTA, 10 mM Tr/s, pH 7.6 and 10 mM NaF. They 
were then centrifuged at 148 000 X g for 30 mitt. Adenylate 
cyclase acfiv/ty was measured in the supernatant as described 
in Methods. The free calcium concentrations were c'J- culated 
• from multiple equilibria equations describing the interactions 
of  Ca a~, ATP and EGTA [24].  
p lay  a ro le  Ln_ the  regu la tory  funct ion  o f  the  enzy~aqe. 
The data  presented  in tab le  2 suggest  hat  the  ca lc ium 
sens i t ive  site faces the  sarcop lasm.  I f  c AMP is esse1~tial 
THE EFFECT OF C~*(-.~N SOLUBILIZED. MUSCLE ;~c CYCLASE 
l~ C~ Ca 2.  ® T - . . - - - ' -" -~. m-sta .so- 0.2 6xl°-~M 
i t_  i -4 ! ~ ~ i 
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for excitation--contraction c upling the inhibition of  
adenylate cyclase by calcium reieazed from the termi- 
nal cisternae may initiate the refractory period 
described [22] and increased by calcium [23~. 
In summary, we have shown that in fast skeletal 
muscle the microsomal adenylatc cycla~e is associated 
with the non~ca;cium-accumutathag terminal cisternae 
of the SR. Based on the relationship of  cAMP to 
membrane depolaiiza~ion a d calcium fluxes in other 
systema, we envisag~ as a working hypothesis that 
cAMP, probably via phosphorylation f  a membrane 
component, enhances cMcium release from the ter- 
minal cisternae of  the SR. 
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